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SUMMARY 
Sugar beet is one of the most important crops in Iran. The potential yield and its 
limitations can be estimated using a simple model and long-term weather information. 
The present study was aimed to develop a very simple model for sugar beet. this model is 
a dynamic and mechanistic simulation model to simulate sugar beet growth and sugar 
accumulation for potential production condition. Therefore when the water is not a 
limiting factor for plant growth, maximizing intercepting solar radiation during growth 
season has major important. Because in this condition, solar radiation is a limiting factor 
for plant growth. Therefore selecting suitable planting date is important. Crop simulation 
models help us to determine planting date and to asses risk production. The model uses a 
few relationships to define leaf area development as a function of accumulated thermal 
time units. Biomass accumulation was simulated as a function of fraction of 
photosynthetically active radiation interception and radiation use efficiency. The growth 
of root is dependent on the biomass accumulation. The model uses a daily time step and 
readily available maximum and minimum temperatures and solar radiation. The model 
was tested for different planting dates at Ardabil in Iran. The model performed 
satisfactory in predicting the leaf area index and root biomass of sugarbeet as influenced 
by potential production condition. The simulated average root yield and leaf area index 
and its range were similar to observed root yield and leaf area index (root mean square 
error for root yield and leaf area index were equal to 3.97 t ha-1 and 1.3 respectively). 
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1. Introduction 
Sugar beet is an important industrial crop 
which is grown in irrigated conditions. In the 
most regions of sugar beet growing lands in Iran 
such as Ardabil, Sugar beet can be annually 
cropped alone or as a first crop. Therefore 
providing required thermal time in each region 
is important. Quantification of the effect of 
thermal time and solar radiation on growth and 
yield of sugar beet is important for selecting this 
crop to different agro-climatic situations. Lately, 
crop simulation models have been developed to 
predict the growth and yield of different crops 
under different agro-climatic conditions. These 
models also serve as a management decision 
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tools [1]; [2]; [3]. Several simulation models have 
been developed for the sugar beet [4]; [5]. These 
models describe plant processes at various 
degrees of complexity which need to be 
calibrated before testing in the other countries. 
Hence, an attempt was made here to prepare a 
very simple model based on both mechanistic 
and empirical perspectives according to Daicros 
[6] and Sbeet [7] with a daily time step that 
simulates the response of sugar beet to 
temperature and solar radiation. Some of the 
relations and parameters are derived from above 
models. The present study was aimed to develop 
a very simple model for sugar beet. The aims of 
model such as: 1- Using of this model for 
analyzing yield response of sugar beet to 
weather change specially temperature and 
radiation. 2- Using of this model for planting 
date determination to achieve suitable spectrum 
of planting dates.  
2. Material and methods 
A field experiment was conducted to 
develop and evaluate a simulation model for 
predicting the growth and root yield of sugar 
beet as influenced by planting date. 
  
Experiment: 
Field experiment was conducted during the 
spring and summer seasons in 2006 at the 
Agricultural Research Station in Ardabil. The soil 
was clay loam with low fertility and pH 6.7. The 
treatments were four planting dates (9, 19, and 
28 April and 8 May). The experiment was laid 
out as randomized block design with four 
replicates. The sugar beet cv. Rasol was sown 
with 50 x 30 cm spacing distances after the 
conventional cultivation practices. 
 
Collection data: 
Daily minimum and maximum temperature 
data were obtained from weather station in the 
vicinity of the experimental site. The amount of 
solar radiation was calculated by Angestrom 
equations. The data on leaf area, total and root 
biomass were recorded at fifteen-day intervals 
starting from 15 days after planting in 
experiment. 
 
Model cescription: 
Under favorable growing conditions, 
incoming solar radiation and temperature are the 
two main factors determining the dry matter 
increase and sugar accumulation. 
The combination model was derived based 
on relatively few conservative relationships 
developed from the mechanistic perspective [7]; 
[8] and [9]  .It involved four modules viz., 
simulation of leaf area, light interception, dray 
matter production and partitioning dry matter. 
All the original parameter values in the SUBE 
growth model are given in Table 1. 
 
Leaf growth: 
In this model approach was followed, based 
on the LAI at maximum growth rate and the 
relative length of the four different crop 
development stages, defined by the FAO and the 
International Institute for Applied Systems 
Analysis[10]. Thermal time controls these 
different crop development stages. Hence, 
thermal time concept was used to quantifying 
development stage, with a base temperature (Tb) 
and critical temperature (Tc) as: 
 
DTT = Tb            if  T < Tb 
DTT = T-Tb         if  T > Tb 
DTT = Tc             if  DTT > Tc 
Where DTT is the thermal time each day 
(˚Cd) and T is average daily temperature. 
Thermal time (TT) was calculated by 
accumulating DTT after emergenc. 
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  With respect to leaf growth rate, four 
growth stages have been distinguished. 
Stage 1: This stage, starts from emergence to 
the end of the first stage, is referred to the period 
of fast linear growth during which the LAI 
increases at a constant rate and calculated by 
below equation: 
 
LAIi = (LAI max / TT1) * (TTi) if  TTi ≤ TT1 
 
 Where LAImax equals the LAI at maximum 
growth rate (m2 m-2) and TT1 represents the 
accumulated thermal time from emergence till 
the end of first stage. 
Stage 2: From this stage, more and more 
assimilates are used to produce root biomass, 
and leaf development continues with a constant 
trend, but reduces until midseason when the LAI 
at full canopy development (LAIfull) is attained. 
The LAIfull has been estimated by LAImax + 0.5. 
Consequently, the rate which the LAI increases 
during this linear lag period equals to: 
 
LAIi = (LAIfull - LAImax) / (TT2) * (TTi) + 
LAImax 
 
If   TT1 ≤ TTi ≤ TT2 
 
 Where  TT2 represents the accumulated 
thermal time from emergence till the end of stage 
2. 
Stage 3: Leaf growth stops from this stage 
until all assimilates are used for the development 
of root. To the end of the stage 3, all leaves are 
actively participating in this biomass production, 
and the LAI remains constant. 
 
LAIi = LAIfull         if  TT2 < TTi  ≤ TT3 
 
Stage 4: Start of stage 4 or the maturation 
stage marks the leaf growth stage of exponential 
decay characterized by an exponentially 
decreasing leaf area due to leaf senescence [11] 
estimated the relative leaf death rate during this 
stage at 3% per day: 
 
LAI(i) = LAI(i-1) - (0.03*LAI (i-1) )    if TT(i) > 
TT3 
If  TT(i) = GTT   then   End 
 
Where LAIi (m2  m-2) and LAI(i-1) (m2m-2) 
are the actual LAI and the LAI of the previous 
day, respectively. 
 
Light interception: 
Crop production often shows a linear 
relation to cumulative radiation [12] or, more 
generally, to cumulative intercepted radiation 
[13]; [14]. Consequently, models have been 
developed for biomass production are linearly 
related to intercepted radiation. Detailed 
numerical simulation of the radiation absorption 
(ASRAD: radiation absorption by the overlying 
LAI) has shown that its approximated by: 
 
ASRAD = (1-ρ) SRAD (1- EXP ( -K * LAI )) 
 
In which ρ is canopy reflection coefficient, 
SRAD equals the average daily solar radiation 
(Mjm-2d-1) and K stands for the extinction 
coefficient. Typical values for K are in the range 
of 0.5 to 0.8. The value of the canopy reflection 
coefficient (ρ) should be taken by measuring. If 
they are not available from measurements, the 
default values that can be used for K and P are 
0.6 and 0.07 respectively [15]). 
It is excellent, and never deviate more than 1 
or 2% from a detailed simulation with sunlight 
and shaded leaves [15]. 
 
Dry matter production: 
The growth rate of the crop (CGR, g m-2d-1) 
is calculated as a function of radiation use 
efficiency (RUE), solar radiation (ISRAD, Mj m-
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2d-1), total LAI, and a temperature correction 
factor ( TCF ): 
 
CGR=ISRAD*RUE*TCF 
The value of RUE was modified by the 
average daily temperature according to the 
response of dry matter production to 
temperature [16] and [17]. This effect was 
incorporated by multiplying RUE by a 
temperature correction factor .The value of  FTC 
is 1 within a range from 10 to 25 ˚C average daily 
air temperature and is linearly decreased to 0 
from 10 down to 0 ˚C and from 25 to 35 ˚C. 
Total dry weight increment (TDM) for each 
day is calculated as: 
 
TDM(i) = TDM(i-1) + CGR(i) 
 
Where: TDM(i-1) is accumulated DM at 
previous time step (g DMm-2). 
 
Dry matter partitioning: 
The dry matter available each day for crop 
growth is partitioned into roots (sugar yield) as a 
crop-specific function of development stage. 
Allocation is first made to root. The remaining 
dry matter is allocated to the shoot. 
The growth rate of root (RTG) is calculated 
based on the growth rate of the crop, fractions of 
allocated dry matter are as: 
RTGi = CGRi * FRT 
SHGi= CGRi – RTGi 
 
Where FRT is the fraction allocated to root 
and SHG is the growth rate of the shoots. 
Partitioning function (FRT) changes from 0 
to 1 and given by:       
FRT = h * TDMi / (1+ h * TDMi) 
 
Where h is the root partitioning coefficient 
[18].   
Accumulated dry matter root (RTDM, kgha-
1) and shoot (SHDM, kgha-1) for each day is 
calculated as below: 
 
RTDM(i) = RTG(i-1) + RTG(i) 
SHDM(i)= SHG(i-1) + SHG(i) 
 
Test of the model: 
The model was tested by comparing 
simulated and observed data in conditions of 
Ardabil in Iran. The observed and simulated 
values for several sugar beet characteristics 
showed a good agreement. This suggests that the 
relationships and parameters used in the model 
describe the growth and root yield of sugar beet 
adequately. 
3. Results and Discussion 
Model predictions of the biomass and leaf 
area index at different growth stage are shown in 
figure 1 and 2.  
 The slope and intercepts of the linear 
regressions that fitted the simulated / observable 
relationships for each of year were not significant 
(p = 0.05) which explained more than 97% of the 
observed variability (table 2).          
Time trends in root biomass accumulation 
and leaf area development figure 1and 2) 
showed that the simulated and measured value 
were close throughout the growing season. 
Model performance for root biomass and leaf 
area development was evaluated using the data 
from field experiments. A comparison of the 
simulated root yield and leaf area index with the 
measured value showed that the two were quite 
close to RMSE (root mean square error) of 3.95 t 
ha-1 for root yield at harvest ( predicted RMSE = 
3.93 and observed RMSE = 3.97) and 1.3 for leaf 
area index throughout season (predicted RMSE 
= 1.2 and observed RMSE = 1.4). A linear 
regression between the simulated and the 
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measured value for both root yield and leaf area 
index also indicated the ability of the model to 
predict the root yield and leaf area index 
accurately (figure 3 and 4). There was a good 
agreement between the simulated and the 
observed root yield and leaf area index 
indicating the ability of the model to predict the 
growth and yield to a certain degree of accuracy.                 
It can be concluded that the combination 
model developed with the help of several 
conservative relationships existing between 
climatic parameter and plant growth will predict 
the growth and yield of sugar beet with a fair of 
accuracy under a different planting dates. This 
model can be used to predict the potential root 
yield of sugar beet cultivar Rasol in the other 
locations. The required weather input data is 
generally available and the structure of the 
model permits simple parameter changes so that 
it can be used to simulate the growth and 
development of other sugar beet genotypes in 
the other locations. However, the model needs to 
be validated using more observations on a range 
of sugar beet genotypes and on sites that have 
different growing seasons.  
 
Table 1. List of abbreviations, input parameters and values used in the model. 
data resulted by field experiment. 
 
       
Reference Value Unit   Explanation Abbreviation 
 input ˚ C Daily average temperature T 
[5] 3 ˚ C Base temperature Tb 
[5] 25 ˚ C Critical temperature Tc 
  ˚ C d        Day thermal time DTT 
  ˚ C d       Accumulated thermal time TT 
 3200* ˚ C d       Gross accumulated thermal time GTT 
 1520 * ˚ C d    Accumulated thermal time from                
emergence to the end of the stage1 
TT1 
 1700* ˚ C d    Accumulated thermal time from TT2 
 2420* ˚ C d    Accumulated thermal time from 
emergence to start of the maturation tage 
TT3 
  m²m-²                 Leaf area index LAI 
 3* m²m-²                 Maximum leaf area index LAImax 
 3.5* m²m-²         LAImax + 0.5 LAIful 
 input mjm-²d-1     Solar radiation SRAD 
  mj m-² d-1             Absorption of solar radiation ASRAD 
[19] 1.3 g/Mj            Radiation use efficiency RUE 
[20] 0.6  Extinction radiation k 
 output g m-² Total dry matter TDM 
 output g m-² d-1            Crop growth rate CGR 
 output g m-² d- Root growth rate RTG 
 output g m-²                Root dry matter RTDM 
 output  Root partitioning function FRT 
 1 output g m-² d- Shoot growth root SHG 
 output g m-² Shoot dry matter SHDM 
[18]  0.001                Root partitioning coefficient h 
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  Table2: linear regression of the predicted and observed root biomass for different planting date. 
 
Planting date a b r2 F 
9   Apr - 0.81 (1.02) 1.12 (0.05) 0.98 417 
19 Apr -0.20 (1.15) 0.93 (0.05) 0.97 296 
28 Apr -0.19 (1.00) 1.00 (0.05) 0.98 404 
8   May -0.40  (0.99) 1.01  (0.04) 0.98 419 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Time trends in simulated (dashes) and observed (circles) root biomass as influenced by planting date.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Time trends in simulated (dashes) and observed (squares) leaf area as influenced by planting date. 
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Fig. 3. Linear relationship between               Fig. 4. Linear relationship between  
the simulated and observed root yield          the simulated and observed leaf area  
   at harvest.                                                      index throughout season. 
References 
1. Boote K. J., J. W. Jones, J. W Mishoe, G. G. 
Wilkerson, 1986. Modeling   growth and     
yield of groundnut. In: Agrometeorology of 
groundnut. Proc. Of Int. Symp., ICRISAT. 
Sahelian Ctr., Niamey, Niger, 21-26 Aug. 
1985. 
2. Meinke, H., Hammer, G.L. and S. C. Chapman, 
1993. A sunflower  simulation model. II                 
Simulating production risks in a variable 
sub-tropical environment. Agron. J. 85: 735-
742. Montieth, J. L, 1994. Validity of the 
correlation between intercepted radiation 
and biomass. Agric. For. Meteorol. 68: 213-
220. 
3. Sandras, V.O. and F.J. Villalobos, 1994. 
Physiological characteristics related to yield     
improvement in sunflower. In: G. Slafer (ed.), 
Genetic Improvement of Field Crops. Marcel 
Dekker, New York, pp. 287-319. 
4. Vandendriessche, H. J. 2000. A model of 
growth and sugar accumulation of sugar 
beet for potential production 
conditions:SUBEMOpo I. Theory and model 
structure. Agriculture Systems. 64:1-19. 
  5.  Qi, A., Kenter, C. Hoffmann, C. and K. W.  
Jaggard, 2005. The Broom’s Barn sugar beet 
growth model and its adaptation to soils 
with varied available water content. Europ. J. 
Agronomy.  23: 108–122. 
6. Verdoodt, A. Ranst, E.V.  and Ye, L, 2004. 
Daily simulation of potential dry matter     
production of annual field crops in tropical 
environments. Agron. J. 96:1739-1753.  
7. Soltani, A., Gholipoor, M. and H. Haji-Zadeh 
Azad, 2005. asimple model for simulating 
sugar beet yield. Journal of agricultural 
science and industry. 19(2): 11-26 (Persian 
text). 
8. Sinclair, T. R, 1986. Water and nitrogen 
limitations in soybean grain production. 
Model development. Field Crop Res. 15: 125-
141. 
9. Amir, J. and T. R. Sinclair, 1991. A model of the 
temperature and solar radiation effects on 
spring wheat growth and yield. Field Crop 
Res. 28: 47-85. 
10. FAO and International Institute for Applied 
Systems Analysis. 2000. Global agro – 
ecological zones. Land and Water Digital 
Media Series. 11. FAO, Rome. 
11. Penning de Vries, F.W.T., and H. H. van Laar. 
1982. Simulation of plant growth and crop 
production. Simulation Monographs Series. 
Pudoc, Wageningen, the Netherlands. 
12. Cockshull, K.E., 1988. The integration of plant 
physiology with physical changes in the 
greenhouse climate. Acta Hortic. 229, 113–
123. 
283 
y = 0.8441x + 4.4805
R2 = 0.6973
25
27
29
31
33
35
37
39
41
25 27 29 31 33 35 37 39 41
Observ ed root yield (t/ha)
P
re
d
ic
te
d
 r
o
o
t 
y
ie
ld
 (
t/
h
a
) y = 0.9697x + 0.0598
R2 = 0.9555
0
0.5
1
1.5
2
2.5
3
3.5
4
0 0.5 1 1.5 2 2.5 3 3.5 4
Observ ed leaf area index 
P
re
d
ic
te
d
 l
e
a
f 
a
re
a
 i
n
d
e
x
A. Gholipouri et al./J Phytol 1 (2009) 277-284 
 
13. Arkebauer, T. J., Weis, A., Sinclair, T. R. and 
A. Blum, 1994. In defense of radiation use 
efficiency: A response to Demetriades-Shah 
et al. (1994). Agric. For. Meteorol. 68: 221-227.  
14. Montith, J. L. 1996. The for balance in crop 
modeling. Agron. J. 88. 695-697. 
15. Marcelis, L.F.M., Heuvelink, H. and J. 
Goudriaan,1998. Modeling biomass 
production and yield of horti-culture crops: 
A Review. Scientia Hort. 74, 83–111. 
16. Saxena, N. P, 1984. Chickpea. In: 
Goldsworthy, P. R., Fisher, N. M. (Eds.) The 
Physiology of Tropical Field Crops. Wiley, 
New York, pp. 207–232. 
17. Khana-Chopra, R and S. K. Sinha,1987. 
Chickpea: physiological aspects of growth 
and yield. In: Saxena, M.C., Singh, K.B. (Eds.), 
The Chickpea, CAB International, 
Wallingford, UK, pp. 163–189. 
18. Werker, R. A. Jaggard, K. W. and A. F. Marc, 
1999. Modelling partitioning between 
structure and storage in sugar beet: Effect of 
drought and soil nitrogen. Plant and soil. 
2007: 97-106. 
19. Werker, A. R. and K. W, Jaggard, 1998. 
Dependence of sugar beet yield on light 
interception and evapotranspiration. Agric. 
Met. 89: 229-240 
20. Skott, R. K. and K. W. Jaggard, 1993. Crop 
physiology and agronomy. In: cock, D. A., 
Skott, R. K. (Eds.), the sugar beet crop. 
Chapman and Hall. pp. 179-237. 
284 
